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©  Substituted  caprolactam  derivatives,  a  process  for  preparing  and  a  pharmaceutical  composition  containing  the  same, 
and  intermediates. 

Substituted  caprolactam  derivatives  are  disclosed  which 
are  useful  as  converting  enzyme  inhibitors  and  as  antihyper- 
tensives,  and  a  process  for  preparing  them.  Those  com- 
pounds  are  represented  by  the  formula 

wherein 
R1  is  hydrogen,  loweralkyl,  cyclic  loweralkyl,  amino  lower- 

alkyl,  alkylamino  loweralkyl,  hydroxyalkyl,  acylamino 
loweralkyl,  dialkylamino  loweralkyl  including  cyclic 
polyethyleneamino  loweralkyl,  arloweralkyl,  aryl,  substi- 
tuted  aryl  wherein  the  substituent  is  halo,  alkyl,  aminoal- 
kyl,  or  alkoxy;  heteroaryl,  heteroarloweralkyl; 

R2  is  hydrogen  or  loweralkyl; 
R3  is  hydroxyl,  loweralkoxy,  or  aralkyloxy; 
R4  is  hydrogen  or  loweralkanoyl. 



BACKGROUND  OF  THE  INVENTION 

The  i n v e n t i o n   in   i t s   b r o a d   a s p e c t   r e l a t e s   t o  

c a p r o l a c t a m   d e r i v a t i v e s   w h i c h   a r e   u s e f u l   a s  

c o n v e r t i n g   e n z y m e   i n h i b i t o r s   and  as  a n t i h y p e r -  
t e n s i v e s .   The  c o m p o u n d s   of  t h i s   i n v e n t i o n   can  b e  

shown  by  t h e   f o l l o w i n g   f o r m u l a :  



w h e r e i n   R1  i s   h y d r o g e n ,   l o w e r a l k y l ,   c y c l i c  

l o w e r a l k y l ,   amino   l o w e r a l k y l ,   a l k y l a m i n o  

l o w e r a l k y l ,   h y d r o x y a l k y l ,   a c y l a m i n o  

l o w e r a l k y l ,   d i a l k y l a m i n o   l o w e r a l k y l  

i n c l u d i n g   c y c l i c   p o l y e t h y l e n e a m i n o  

l o w e r a l k y l ,   a r l o w e r a l k y l ,   a r y l ,   s u b s t i t u t e d  

a r y l   w h e r e i n   t h e   s u b s t i t u e n t   i s   h a l o ,   a l k y l ,  

a m i n o a l k y l ,   or  a l k o x y ;   h e t e r o a r y l ,  

h e t e r o a r l o w e r a l k y l ;  
R2  is   h y d r o g e n   or  l o w e r a l k y l ;  
R3  i s   h y d r o x y l ,   l o w e r a l k o x y ,   or  a r a l k y l o x y ;  
R4  is   h y d r o g e n   or  l o w e r a l k a n o y l ;   a n d ,  

t h e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f .  

P r e f e r r e d   a r e   c o m p o u n d s   of  F o r m u l a   I  w h e r e i n  
R   i s   h y d r o g e n ,   l o w e r a l k y l ,   a m i n o l o w e r a l k y l ,   o r  

a r y l ;  
R2  is   h y d r o g e n   or  l o w e r a l k y l ;  
R3  i s   h y d r o x y l ,   or  l o w e r a l k o x y ;   a n d ,  
R4  i s   h y d r o g e n   or  l o w e r a l k a n o y l .  

The  p r e f e r r e d   c o m p o u n d s   of  t h i s   i n v e n t i o n  

a l s o   i n c l u d e   t h e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s  

t h e r e o f .  

The  p r o d u c t s   of  F o r m u l a   (I)  and  t h e  

p r e f e r r e d   s u b g r o u p   can   be  p r o d u c e d   by  one  or  more   o f  

t h e   m e t h o d s   and  s u b r o u t e s   d e p i c t e d   in  t h e   f o l l o w i n g  

e q u a t i o n s .   The  d e f i n i t i o n s   of  R l ,   R2,  R3  a n d  
R4  a r e   t h e   same  as  in  F o r m u l a   (I)  e x c e p t   w h e r e  

n o t e d .  



Method  A 

3 - C a r b o x y p e r h y d r o a z e p i n e   or  a  7 - s u b s t i t u t e d  

d e r i v a t i v e   I I ,   p r e p a r e d   by  t he   m e t h o d   of  P.  K r o g s -  

g a a r d - L a r s e n   e t   a l .   [ A c t a   Chem.  S c a n d .   B32,  3 2 7  

( 1 9 7 8 ) ]   is   c o n v e r t e d   to   t h e   b e n z y l   e s t e r   I I I   by  k n o w n  

m e t h o d s .   The  t - b u t y l   e s t e r   c o u l d   a l s o   be  u s e d .  

A l k y l a t i o n   of  I I I   w i t h   a  h a l o e s t e r   (X  =  Br ,   I)  t o  

a f f o r d   V  can  be  d o n e   by  known  m e t h o d s ,   a s ,   f o r  

e x a m p l e ,   in  a  s u i t a b l e   s o l v e n t ,   such   as  b e n z e n e   i n  

the   p r e s e n c e   of  s i l v e r   o x i d e .   Remova l   of  t h e   b e n z y l  

g r o u p ,   B,  by  h y d r o g e n o l y s i s   a f f o r d s   t he   m o n o e s t e r  

VI.   R e a r r a n g e m e n t   of  VI  u n d e r   c o n d i t i o n s   d e s c r i b e d  

by  H.  R a p o p o r t   e t   a l .   [J .   Org .   Chem. ,   39,  893  ( 1 9 7 4 ) ]  

p r o d u c e s   t h e   o l e f i n   V I I .   R e a c t i o n   of  t h i s   o l e f i n  

w i t h   a  t h i o l   d e r i v a t i v e   V I I I ,   a s ,   fo r   e x a m p l e ,  

t h i o l a c e t i c   a c i d ,   g i v e s   I .   G r o u p s   R 3  a n d   R4  m a y  
be  m o d i f i e d   by  known  m e t h o d s   i f   d e s i r e d .   F o r  

e x a m p l e ,   i f   R3  =  O C H 3  a n d   R4  =  CH3CO,  t h e  

d i e s t e r   I  can  be  c o n v e r t e d   to  t he   m e r c a p t o   a c i d ,  

(R3 =  OH,  R4  =  H),  by  b a s i c   h y d r o l y s i s .  







Method   B 

A  c a p r o l a c t a m   d e r i v a t i v e   IX,  p r e p a r e d   by  t h e  

m e t h o d   of  F.  B l i c k e   e t   a l .   [ J .   Am.Chem.   Soc .   76,  2 3 1 7  

( 1 9 5 4 ) ] ,   i s  r e a c t e d   w i t h   PX5,  (X  =  Cl  or  Br)  t o  

o b t a i n   c o m p o u n d   X  [H.  N a g a s a w a   e t   a l . ,   J .   Med.  C h e m . ,  

14  501  ( 1 9 7 1 ) ] .   R e a c t i o n   of  X  w i t h   h a l o e s t e r   IV  (X  = 

Br,  I)  in  t h e   p r e s e n c e   of  a  s t r o n g   b a s e ,   such   a s  

s o d i u m   h y d r i d e ,   and  in  a  s u i t a b l e   s o l v e n t ,   such   a t  

THF  or  DMF,  a f f o r d s   compound   XI.  R e m o v a l   of  o n e  

h a l o g e n   can   be  a c c o m p l i s h e d   by  u s i n g   h y d r o g e n   and  a  

s u i t a b l e   c a t a l y s t   such   as  p a l l a d i u m   on  c a r b o n .   T h e  

m o n o h a l i d e   XII   can   be  r e a c t e d   w i t h   a  s u i t a b l e  

t r i v a l e n t   p h o s p h o r u s   c o m p o u n d ,   s u c h   as  t r i p h e n y l -  

p h o s p h i n e ,   f o l l o w e d   by  a  b a s e ,   s u c h   as  s o d i u m  

h y d r o x i d e ,   a n a l o g o u s   to  t he   p r o c e d u r e   d e s c r i b e d   by  G.  

Howie  e t   a l .   [J .   Med.  Chem. ,   17,  840  ( 1 9 7 4 ) ] .   T h e  

r e s u l t i n g   c o m p o u n d   X I I I   i s   t h e n   r e a c t e d   w i t h   a n  

a l d e h y d e ,   s u c h   as  f o r m a l d e h y d e ,   to  p r o d u c e   c o m p o u n d  

V I I ,   w h i c h   can   be  c o n v e r t e d   to  I  as  d e s c r i b e d   i n  

Method   A.  

A l t e r n a t i v e l y ,   c o m p o u n d   IX  can   be  c o n v e r t e d  

d i r e c t l y   to  m o n o h a l i d e   XIV  [H.  N a g a s a w a   e t   a l . ,  

a b o v e ]   and  a l k y l a t e d   w i t h   IV  as  d e s c r i b e d   u n d e r  

Method   A  to  g i v e   X I I .  





A l s o ,   a l t e r n a t i v e l y ,   compound   XI  can   b e  

h y d r o l y z e d   to  a  k e t o l a c t a m   XIV  wh ich   can   be  r e a c t e d  

w i t h   an  a p p r o p r i a t e   W i t t i g   r e a g e n t   CH2  = 

p ( C 6 H 5 ) 3   to  o b t a i n   t h e   c o m p o u n d   V I I .   T h i s   t h e n  

can   be  r e a c t e d   w i t h   t h e   t h i o l   compound   R4SH  a s  

b e f o r e  



The  s t a r t i n g   m a t e r i a l s   w h i c h   a r e   r e q u i r e d  

f o r   t h e   a b o v e   p r o c e s s e s   h e r e i n   d e s c r i b e d   a re   known  i n  

t h e   l i t e r a t u r e   or  can  be  made  by  k n o w n  m e t h o d s   f r o m  

known  s t a r t i n g   m a t e r i a l s .  

In  p r o d u c t s   of  g e n e r a l   F o r m u l a   ( I ) ,   t h e  

c a r b o n   a t o m s   to  wh ich   R1  and  R2  a r e   a t t a c h e d   w h e n  

t h e s e   s u b s t i t u t e n t s   a r e   no t   h y d r o g e n   and  the   r i n g  

c a r b o n   a tom  to  w h i c h   the   f r a g m e n t  

is   a t t a c h e d   a r e   a s y m m e t r i c .   The  c o m p o u n d s  

a c c o r d i n g l y   e x i s t   in  e n a n t i o m e r i c   or  d i a s t e r e o -  

i s o m e r i c   f o r m s   or  in  m i x t u r e s   t h e r e o f .   The  a b o v e  

d e s c r i b e d   s y n t h e s e s   can  u t i l i z e   r a c e m a t e s   o r  

e n a n t i o m e r s   as  s t a r t i n g   m a t e r i a l s .   When  d i a s t e r e o -  

m e r i c   p r o d u c t s   r e s u l t   f rom  t h e   s y n t h e t i c   p r o c e d u r e s ,  

t he   d i a s t e r e o m e r i c   p r o d u c t s   can   be  s e p a r a t e d   b y  

c o n v e n t i o n a l   c h r o m a t o g r a p h i c   or  f r a c t i o n a l  

c r y s t a l l i z a t i o n   m e t h o d s .   When  r a c e m i c   p r o d u c t s  

r e s u l t ,   t h e y   maybe  r e s o l v e d   by  c r y s t a l l i z a t i o n   o f  

s a l t s   of  o p t i c a l l y   a c t i v e   a c i d s   or  b a s e s   or  by  o t h e r  

m e t h o d s   known  in  t he   a r t .   In  g e n e r a l ,   t he   a m i n o a c i d  

p a r t - s t r u c t u r e ,  

and  t he   r i n g   c a r b o n s   to  w h i c h   R1  and  R 4 - S - C H 2  

in  F o r m u l a   (I)  c o m p o u n d s   c a n  b e   in  two  c o n f i g u r -  

a t i o n s   (S  or  R)  and  b o t h   a re   h e r e i n   c o v e r e d .  

The  c o m p o u n d s   of  t h i s   i n v e n t i o n   form  s a l t s  

w i t h   v a r i o u s   i n o r g a n i c   and  o r g a n i c   b a s e s   wh ich   a r e  

a l s o   w i t h i n   t he   s c o p e   of  the   i n v e n t i o n .   Such  s a l t s  

i n c l u d e   ammonium  s a l t s ,   a l k a l i   m e t a l   s a l t s   l i k e  

s o d i u m   and  p o t a s s i u m   s a l t s ,   a l k a l i n e   e a r t h   m e t a l  



s a l t s   l i k e   t h e   c a l c i u m   and  m a g n e s i u m   s a l t s ,   s a l t s  

w i t h   o r g a n i c   b a s e s ,   e . g . ,   d i c y c l o h e x y l a m i n e ,  

N - m e t h y l - D - g l u c a m i n e ,   s a l t s   w i t h   amino  a c i d s   l i k e  

a r g i n i n e ,   l y s i n e   and  the   l i k e .   The  n o n - t o x i c  

p h y s i o l o g i c a l l y   a c c e p t a b l e   s a l t s   a r e   p a r t i c u l a r l y  

v a l u a b l e ,   a l t h o u g h   o t h e r   s a l t s   a r e   a l s o   u s e f u l ,   e . g . ,  

in  i s o l a t i n g   or  p u r i f y i n g   t h e   p r o d u c t .  

The  s a l t s   may  be  f o r m e d   by  c o n v e n t i o n a l  

m e a n s ,   as  by  r e a c t i n g   the   f r e e   a c i d   fo rm  of  t h e  

p r o d u c t   w i t h   one  or  more  e q u i v a l e n t s   of  t h e  

a p p r o p r i a t e   b a s e   in  a  s o l v e n t   or  medium  in  wh ich   t h e  

s a l t   is   i n s o l u b l e ,   or  in  a  s o l v e n t   s u c h   as  w a t e r  

which   is   t h e n   r e m o v e d   in  v a c u o   or  by  f r e e z e - d r y i n g   o r  

by  e x c h a n g i n g   t h e   c a t i o n s   of  an  e x i s t i n g   s a l t   f o r  

a n o t h e r   c a t i o n   on  a  s u i t a b l e   ion   e x c h a n g e   r e s i n .  

The  c o m p o u n d s   of  t h i s   i n v e n t i o n   i n h i b i t  

a n g i o t e n s i n   c o n v e r t i n g   enzyme  and  t h u s   b l o c k  

c o n v e r s i o n   of  t h e   d e c a p e p t i d e   a n g i o t e n s i n   I  t o  

a n g i o t e n s i n   I I .   A n g i o t e n s i n   I I   i s   a  p o t e n t   p r e s s o r  

s u b s t a n c e .   Thus   b l o o d - p r e s s u r e   l o w e r i n g   r e s u l t s   f r o m  

i n h i b i t i o n   of  i t s   b i o s y n t h e s i s   e s p e c i a l l y   in  a n i m a l s  

and  humans  whose   h y p e r t e n s i o n   i s   a n g i o t e n s i n   I I  

r e l a t e d .   F u r t h e r m o r e ,   c o n v e r t i n g   enzyme  d e g r a d e s   t h e  

v a s o d e p r e s s o r   s u b s t a n c e ,   b r a d y k i n i n .   T h e r e f o r e ,  

i n h i b i t o r s   of  a n g i o t e n s i n   c o n v e r t i n g   enzyme  may  l o w e r  

b l o o d   p r e s s u r e   a l s o   by  p o t e n t i a t i o n   of  b r a d y k i n i n .  

A l t h o u g h   t he   r e l a t i v e   i m p o r t a n c e   of  t h e s e   and  o t h e r  

p o s s i b l e   m e c h a n i s m s   r e m a i n s   to  be  e s t a b l i s h e d ,  

i n h i b i t o r s   of   a n g i o t e n s i n   c o n v e r t i n g   enzyme  a r e  

e f f e c t i v e   a n t i h y p e r t e n s i v e   a g e n t s   in  a  v a r i e t y   o f  

a n i m a l   m o d e l s   and  a r e   u s e f u l   c l i n i c a l l y ,   for   e x a m p l e ,  

in  many  human  p a t i e n t s   w i t h   r e n o v a s c u l a r ,   m a l i g n a n t  



and  e s s e n t i a l   h y p e r t e n s i o n .   S e e ,   fo r   e x a m p l e ,   D.  W. 

Cushman  e t   a l . ,   B i o c h e m i s t r y   16,   5484  ( 1 9 7 7 ) .  

The  e v a l u a t i o n   of  c o n v e r t i n g   e n z y m e  
i n h i b i t o r s   is   g u i d e d   by  in  v i t r o   enzyme  i n h i b i t i o n  

a s s a y s .   For  e x a m p l e ,   a  u s e f u l   m e t h o d   is   t h a t   of  Y.  

P i q u i l l o u d ,   A .  R e i n h a r z   and  M.  R o t h ,   B i o c h e m .  

B i o p h y s .   A c t a ,   206,   136  (1970)   in  w h i c h   t h e  

h y d r o l y s i s   of  c a r b o b e n z y l o x y p h e n y l a l a n y l h i s t i d i n y l -  

l e u c i n e   is  m e a s u r e d .   In  v i v o   e v a l u a t i o n s   may  b e  

made ,   fo r   e x a m p l e ,   in  n o r m o t e n s i v e   r a t s   c h a l l e n g e d  

w i t h   a n g i o t e n s i n   I  by  t h e   t e c h n i q u e   of  J.  R.  W e e k s  

and  J.  A.  J o n e s ,   P r o c .   Soc .   Exp.   B i o l .   Med . ,   104 ,   6 4 6  

(1960)   or  in  a  h i g h   r e n i n   r a t   mode l   such   as  t h a t   o f  

S.  K o l e t s k y   e t   a l . ,   P r o c .   S o c .  E x p .   B i o l .   Med . ,   1 2 5 ,  

96  ( 1 9 6 7 ) .  

T h u s ,   the   c o m p o u n d s   of  t h i s   i n v e n t i o n   a r e  

u s e f u l   as  a n t i h y p e r t e n s i v e s   in  t r e a t i n g   h y p e r t e n s i v e  

mammal s ,   i n c l u d i n g   humans   and  t h e y   can  be  u t i l i z e d   t o  

a c h i e v e   the   r e d u c t i o n   of  b l o o d   p r e s s u r e   b y  

f o r m u l a t i n g   in  c o m p o s i t i o n s   s u c h   as  t a b l e t s ,   c a p s u l e s  

or  e l i x i r s   fo r   o r a l   a d m i n i s t r a t i o n   or  in  s t e r i l e  

s o l u t i o n s   or  s u s p e n s i o n s   f o r   p a r e n t e r a l  

a d m i n i s t r a t i o n .   The  c o m p o u n d s   of  t h i s   i n v e n t i o n   c a n  

be  a d m i n i s t e r e d   to  p a t i e n t s   ( a n i m a l s   and  human)  i n  

need   of  such  t r e a t m e n t   in  a  d o s a g e   r a n g e   of  10  to  5 0 0  

mg  per   p a t i e n t   g e n e r a l l y   g i v e n   s e v e r a l   t i m e s ,   t h u s  

g i v i n g   a  t o t a l   d a i l y   d o s e   of  f rom  10  to  1500  mg  p e r  

day .   The  dose   w i l l   v a r y   d e p e n d i n g   on  s e v e r i t y   o f  

d i s e a s e ,   w e i g h t   of  p a t i e n t   and  o t h e r   f a c t o r s   wh ich   a  

p e r s o n   s k i l l e d   in  the   a r t   w i l l   r e c o g n i z e .  

I t   is  o f t e n   a d v a n t a g e o u s   to  a d m i n i s t e r  

c o m p o u n d s   of  t h i s   i n v e n t i o n   in  c o m b i n a t i o n   w i t h   o t h e r  



a n t i h y p e r t e n s i v e s   a n d / o r   d i u r e t i c s .   For  e x a m p l e ,   t h e  

c o m p o u n d s   of  t h i s   i n v e n t i o n   can   be  g i v e n   i n  

c o m b i n a t i o n   w i t h   s u c h   c o m p o u n d s   as  a m i l o r i d e ,  

a t e n o l o l ,   b e n d r o f l u m e t h i a z i d e ,   c h l o r o t h a l i d o n e ,  

c h l o r o t h i a z i d e ,   c l o n i d i n e ,   c r y p t e n a m i n e   a c e t a t e   a n d  

c r y p t e n a m i n e   t a n n a t e s ,   d e s e r p i d i n e ,   d i a z o x i d e ,  

g u a n e t h i d e n e   s u l f a t e ,   h y d r a l a z i n e   h y d r o c h l o r i d e ,  

h y d r o c h l o r o t h i a z i d e ,   h y d r o f l u m e t h i a z i d e ,   m e t o l a z o n e ,  

m e t r o p r o l o l t a r t a t e ,   m e t h y c l o t h i a z i d e ,   m e t h y l d o p a ,  

m e t h y l d o p a t e   h y d r o c h l o r i d e ,   m i n o x i d i l ,   ( S ) - 1 - { [ 2 -  

( 3 , 4 - d i m e t h o x y p h e n y l ) e t h y l ] a m i n o } - 3 - { [ 4 - ( 2 - t h i e n y l ) -  

l H - i m i d a z o l - 2 - y l ] p h e n o X y } - 2 - p r o p a n o l ,   p o l y t h i a z i d e ,  

t h e   p i v a l o g l o x y e t h y l   e s t e r   o f   m e t h y l d o p a ,   i n d a c r i n o n e  

and  v a r i a b l e   r a t i o s   of   i t s   e n a n t i o m e r s ,   n i f e d i p i n e ,  

v e r a p a m i l ,   d i l t i a z a m ,   f l u m e t h i a z i d e ,   b e n d r o f l u -  

m e t h i a z i d e ,   a t e n o l o l ,   ( + ) - 4 - { 3 - { - [ 2 - ( 1 - h y d r o x y -  

c y c l o h e x y l ) e t h y l ] - 4 - o x o - 2 - t h i a z o l i d i n y l } p r o p y l }  

b e n z o i c   a c i d ,   b u m e t a n i d e ,   p r a z o s i n ,   p r o p r a n o l o l ,  

r a u w o l f i a   s e r p e n t i n a ,   r e s c i n n a m i n e ,   r e s e r p i n e ,  

s p i r o n o l a c t o n e ,   t i m o l o l ,   t r i c h l o r m e t h i a z i d e ,  

b e n z t h i a z i d e ,   q u i n e t h a z o n e ,   t r i c r y n a f a n ,   t r i a m t e r e n e ,  

a c e t a z o l a m i d e ,   a m i n o p h y l l i n e ,   c y c l o t h i a z i d e ,  

m e r e t h o x y l l i n e   p r o c a i n e ,   and  t h e   l i k e ,   as  w e l l   a s  

a d m i x t u r e s   and  c o m b i n a t i o n s   t h e r e o f .  

T y p i c a l l y ,   t h e   i n d i v i d u a l   d a i l y   d o s a g e s   f o r  

t h e s e   c o m b i n a t i o n s   can   r a n g e   f rom  a b o u t   o n e - f i f t h   o f  

t he   m i n i m a l l y   r e c o m m e n d e d   c l i n i c a l   d o s a g e s   to  t h e  

maximum  r e c o m m e n d e d   l e v e l s   f o r   t he   e n t i t i e s   when  t h e y  

a r e   g i v e n   s i n g l y .  

-To  i l l u s t r a t e   t h e s e   c o m b i n a t i o n s ,   one  of  t h e  

a n t i h y p e r t e n s i v e s   of  t h i s   i n v e n t i o n   e f f e c t i v e  

c l i n i c a l l y   in  t h e   2 . 5 - 1 0 0   m i l l i g r a m s   pe r   day  r a n g e  



can   be  e f f e c t i v e l y   c o m b i n e d   a t   l e v e l s   a t   t h e   0 . 5 - 1 0 0  

m i l l i g r a m s   pe r   day  r a n g e   w i t h   t he   f o l l o w i n g   c o m o u n d s  

a t   t he   i n d i c a t e d   per   day  d o s e   r a n g e :   h y d r o c h l o r o -  

t h i a z i d e   ( 1 0 - 1 0 0   mg),   t i m o l o l   ( 5 - 6 )   mg) ,   m e t h y l   d o p a  

( 6 5 - 2 0 0 0   mg) ,   t h e   p i v a l o y l o x y e t h y l   e s t e r   of  m e t h y l  

dopa   ( 3 0 - 1 0 0 0   mg) ,   i n d a c r i n o n e   and  v a r i a b l e   r a t i o s   o f  

i t s   e r - n t i o m e r s   ( 2 5 - 1 5 0   mg)  and  ( + ) - 4 - { 3 - { [ 2 - ( 1 -  

h y d r o x y  y c l o h e x y l ) e t h y l ] - 4 - o x o - 2 - t h i a z o l i d i n y l }  

p r o p y l } - b e n z o i c   a c i d   ( 1 0 - 1 0 0   m g ) .  

In  a d d i t i o n ,   the   t r i p l e   d r u g   c o m b i n a t i o n s   o f  

h y d r o c h l o r o t h i a z i d e   ( 1 0 - 1 0 0   mg)  p l u s   t i m o l o l   ( 5 - 6 0  

mg)  p l u s   c o n v e r t i n g   enzyme  i n h i b i t o r   of  t h i s  

i n v e n t i o n   ( 2 - 1 5 0 0   mg)  or  h y d r o c h l o r o t h i a z i d e   ( 1 0 - 1 0 0  

mg)  p l u s   a m i l o r i d e   (5-20   mg)  p l u s   c o n v e r t i n g   e n z y m e  
i n h i b i t o r   of  t h i s   i n v e n t i o n   ( 2 - 1 5 0 0   mg)  a r e   e f f e c t i v e  

c o m b i n a t i o n s   to  c o n t r o l   b l o o d   p r e s s u r e   i n  

h y p e r t e n s i v e   p a t i e n t s .   N a t u r a l l y ,   t h e s e   dose   r a n g e s  

can  be  a d j u s t e d   on  a  u n i t   b a s i s   as  n e c e s s a r y   t o  

p e r m i t   d i v i d e d   d a i l y   d o s a g e   and ,   as  n o t e d   a b o v e ,   t h e  

d o s e   w i l l   v a r y   d e p e n d i n g   on  the   n a t u r e   and  s e v e r i t y  

of  the   d i s e a s e ,   w e i g h t   of  p a t i e n t ,   s p e c i a l   d i e t s   a n d  

o t h e r   f a c t o r s .  

T y p i c a l l y   the   c o m p o u n d s   shown  above   a r e  

f o r m u l a t e d   i n t o   p h a r m a c e u t i c a l   c o m p o s i t i o n s   a s  

d i s c u s s e d   b e l o w .  

A b o u t   10  to  100  mg.  of  a  c o m p o u n d   or  m i x t u r e  

of  c o m p o u n d s   o f  F o r m u l a   I  or  a  p h y s i o l o g i c a l l y  

a c c e p t a b l e   s a l t   is  compounded   w i t h   a  p h y s i o l o g i c a l l y  

a c c e p t a b l e   v e h i c l e ,   c a r r i e r ,   e x c i p i e n t ,   b i n d e r ,  

p r e s e r v a t i v e ,   s t a b i l i z e r ,   f l a v o r ,   e t c . ,   in  a  u n i t  

d o s a g e   form  as  c a l l e d   for   by  a c c e p t e d   p h a r m a c e u t i c a l  



p r a c t i c e .   The  a m o u n t   of  a c t i v e   s u b s t a n c e   in  t h e s e  

c o m p o s i t i o n s   or  p r e p a r a t i o n s   i s   s u c h   t h a t   a  s u i t a b l e  

d o s a g e   in  t he   r a n g e   i n d i c a t e d   is   o b t a i n e d .  

I l l u s t r a t i v e   of  t h e   a d j u v a n t s   w h i c h   may  b e  

i n c o r p o r a t e d   in  t a b l e t s ,   c a p s u l e s   and  t h e   l i k e   a r e  

t h e   f o l l o w i n g :   a  b i n d e r   s u c h   as  gum  t r a g a c a n t h ,  

a c a c i a ,   c o r n   s t a r c h   or  g e l a t i n ;   and  e x c i p i e n t   such   a s  

m i c r o c r y s t a l l i n e   c e l l u l o s e ;   a  d i s i n t e g r a t i n g   a g e n t  

such   as  c o r n   s t a r c h ,   p r e g e l a t i n i z e d   s t a r c h ,   a l g i n i c  

a c i d   and  the   l i k e ;   a  l u b r i c a n t   such   as  m a g n e s i u m  

s t e a r a t e ;   a  s w e e t e n i n g   a g e n t   s u c h   as  s u c r o s e ,   l a c t o s e  

or  s a c c h a r i n ;   a  f l a v o r i n g   a g e n t   s u c h   as  p e p p e r m i n t ,  

o i l   of  w i n t e r g r e e n   or  c h e r r y .   When  t h e   d o s a g e   u n i t  

form  is  a  c a p s u l e ,   i t   may  c o n t a i n   in   a d d i t i o n   t o  

m a t e r i a l s   of  t he   a b o v e   t y p e ,   a  l i q u i d   c a r r i e r   such   a s  

f a t t y   o i l .   V a r i o u s   o t h e r   m a t e r i a l s   may  be  p r e s e n t   a s  

c o a t i n g s   or  to  o t h e r w i s e   m o d i f y   the   p h y s i c a l   form  o f  

t h e   d o s a g e   u n i t .   For   i n s t a n c e ,   t a b l e t s   may  be  c o a t e d  

w i t h   s h e l l a c ,   s u g a r   or  b o t h .   A  s y r u p   or  e l i x i r   may  
c o n t a i n   the   a c t i v e   c o m p o u n d ,   s u c r o s e   as  a  s w e e t e n i n g  

a g e n t ,   m e t h y l   and  p r o p y l   p a r a b e n s   as  p r e s e r v a t i v e s ,   a  

dye  and  a  f l a v o r i n g   s u c h   as  c h e r r y   or  o r a n g e   f l a v o r .  

S t e r i l e   c o m p o s i t i o n s   f o r   i n j e c t i o n   can  b e  

f o r m u l a t e d   a c c o r d i n g   to  c o n v e n t i o n a l   p h a r m a c e u t i c a l  

p r a c t i c e   by  d i s s o l v i n g   or  s u s p e n d i n g   t h e   a c t i v e  

s u b s t a n c e   in  a  v e h i c l e   s u c h   as  w a t e r   f o r   i n j e c t i o n ,   a  

n a t u r a l l y   o c c u r r i n g   v e g e t a b l e   o i l   l i k e   s e s a m e   o i l ,  

c o c o n u t   o i l ,   p e a n u t   o i l ,   c o t t o n s e e d   o i l ,   e t c .   or  a  

s y n t h e t i c   f a t t y   v e h i c l e   l i k e   e t h y l   o l e a t e   or  t h e  

l i k e .   B u f f e r s ,   p r e s e r v a t i v e s ,   a n t i o x i d a n t s   and  t h e  

l i k e   can  be  i n c o r p o r a t e d   as  r e q u i r e d .  



The  f o l l o w i n g   e x a m p l e s   a re   i l l u s t r a t i v e   o f  

t he   i n v e n t i o n   and  c o n s t i t u t e   e s p e c i a l l y   p r e f e r r e d  

e m b o d i m e n t s .   The  p r e f e r r e d   d i a s t e r e o m e r s   of  t h e s e  

e x a m p l e s   a re   i s o l a t e d   by  c o l u m n   c h r o m a t o g r a p h y   o r  

f r a c t i o n a l   c r y s t a l l i z a t i o n .  

EXAMPLE  1 

1 - C a r b o x y m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e  

A.  3 - B e n z y l o x y c a r b o n y l p e r h y d r o a z e a p i n e  

S u s p e n d   1 . 1 5   g  3 - c a r b o x y p e r h y d r o a z e p i n e   [ P .  

K r o g s g a a r d - L a r s e n   e t   a l . ,   A c t a   C h e m .  S c a n d . ,   B32,  3 2 7  

( 1 9 7 8 ) ]   in  8  ml  b e n z y l   a l c o h o l .   Cool   t h e   m i x t u r e   t o  

0°  and  add  1  ml  t h i o n y l   c h l o r i d e .   S t i r   t h e   m i x t u r e  

a t   room  t e m p e r a t u r e   f o r   48  h o u r s ,   t h e n   add  i t  

d r o p w i s e   to  300  ml  e t h e r   w i t h   v i g o r o u s   s t i r r i n g .  

D e c a n t   t he   e t h e r   and  d i s s o l v e   the   r e s i d u e   in  H 2 0 .  
Wash  the   a q u e o u s   s o l u t i o n   w i t h   e t h e r ,   t h e n   make  i t   t o  

pH  12  and  e x t r a c t   w i t h   e t h y l   a c e t a t e .   Dry  t h e  

e x t r a c t s   and  c o n c e n t r a t e   in  vacuo   to  o b t a i n   3 - b e n z y l -  

o x y c a r b o n y l p e r h y d r o a z e p i n e .  

B.  1 - M e t h o x y c a r b o n y l m e t h y l - 3 - b e n z y l o x y c a r b o n y l p e r -  

h y d r o a z e p i n e  

To  a  s o l u t i o n   of  1 . 4 6   g  3 - b e n z y l o x y -  

c a r b o n y l p e r h y d r o a z e p i n e   and  1 .06   g  m e t h y l  

b r o m o a c e t a t e   in  30  ml  b e n z e n e   add  1 . 0 6   g  s i l v e r  

o x i d e .   S t i r   t h e   r e a c t i o n   in  the   d a r k   f o r   24  h r . ,  

f i l t e r   and  c o n c e n t r a t e   t he   f i l t r a t e   in  v a c u o .  

D i s s o l v e   t h e   r e s i d u e   in  HC1  (pH  1 .5 )   and  wash  t h e  

s o l u t i o n   w i t h   e t h e r .   Make  the   a q u e o u s   p h a s e   to  pH  12 

and  e x t r a c t   w i t h   e t h y l   a c e t a t e .   Dry  and  c o n c e n t r a t e  



t he   e x t r a c t s   to   o b t a i n   l - m e t h o x y c a r b o n y l m e t h y l - 3 -  

b e n z y l o x y c a r b o n y l p e r h y d r o a z e p i n e .  

NMR  (CDC13,  T M S )  δ 1 . 8  ;   (m,  6 H )  ;  δ 2 . 8   (m,  2 H )   δ  3 . 1  

(d,  2 H )  ;  δ  3 . 4 5   ( s ,   2 H )  ;  δ  3 . 6 5   ( s ,   3 H )  ;  δ  5 . 1 5   ( s ,  

2 H ) ;  δ  7 . 3   ( s ,   5 H ) .  

C.  l - M e t h o x y c a r b o n y l m e t h y l - 3 - c a r b o x y p e r h y d r o a z e p i n e  

H y d r o g e n a t e   a  s o l u t i o n   of   1 .0   g  of  t h i s  

b e n z y l   e s t e r   in   25  ml  of  50%  a q u e o u s   a c e t i c   a c i d  

u s i n g   10%  p a l l a d i u m   on  c a r b o n   as  c a t a l y s t .   F i l t e r  

and  c o n c e n t r a t e   t h e   f i l t r a t e   in  v a c u o   to  o b t a i n  

l - m e t h o x y c a r b o n y l m e t h y l - 3 - c a r b o x y p e r h y d r o a z e p i n e .  

D.  1 - M e t h o x y c a r b o n y l m e t h y l - 3 - m e t h y l i d e n p e r h y d r o a z e -  

p i n - 2 - o n e  

To  a  s o l u t i o n   of  710  mg  of  t h i s   a c i d   in  30  

ml  x y l e n e ,   add  0 .24   g  K2CO3  and  510  mg  a c e t i c  

a n h y d r i d e   and  r e f l u x   the   s t i r r e d   m i x t u r e   for   5  h r .  

Cool   the   r e a c t i o n   to  room  t e m p e r a t u r e   and  pour   i t  

i n t o   a  s o l u t i o n   of  35  g  K2CO3  in  70  ml  H20  a n d  

s t i r   a t   -5°   f o r   3  h r .   S e p a r a t e   t h e   l a y e r s ,   t h e n   d r y  

and  c o n c e n t r a t e   t he   x y l e n e   s o l u t i o n   in  v a c u o .  

C h r o m a t o g r a p h   t h e   c r u d e   p r o d u c t   on  s i l i c a   g e l   u s i n g  

1:1   e t h y l   a c e t a t e :   h e x a n e   and  i s o l a t e   p u r e  

l - m e t h o x y c a r b o n y l m e t h y l - 3 - m e t h y l i d e n e p e r h y d r o a z e p i n - 2 -  

one .   NMR  (CDCl3 ,   TMS)  δ  1 .8   (m,  4 H )  ;  δ 2 . 3   (m,  2 H )  ;  δ  
3 .4   (m,  2 H )  ;  δ 3 . 6 5   (s ,   3 H )  ;  δ  4 . 1   (s ,   2 H )  ;  δ  5 . 2   (m,  

1 H )  ;  δ  5 . 5   (m,  1H) .  

E.  1 - M e t h o x y c a r b o n y l m e t h y l - 3 - a c e t y l m e r c a p t o m e t h y l p e r -  

h y d r o a z e p i n - 2 - o n e  

D i s s o l v e   260  mg  of  t h i s   e s t e r   in  5  m l  

t h i o l a c e t i c   a c i d   and  s t o r e   t h e   s o l u t i o n   a t   r o o m  



t e m p e r a t u r e   o v e r n i g h t .   C o n c e n t r a t e   t h e   r e a c t i o n   a n d  

f l u s h   t he   r e s i d u e   w i t h   b e n z e n e   in  v a c u o .   P u r i f y   t h e  

1 - m e t h o x y c a r b o n y l m e t h y l - 3 - a c e t y l m e r c a p t o m e t h y l p e r -  

h y d r o a z e p i n - 2 - o n e   by  s i l i c a   g e l   c h r o m a t o g r a p h y .  

t l c :   2  e t h y l   a c e t a t e : 3   h e x a n e ,   s i l i c a   g e l .   Rf  0 . 5  

NMR  (CCL4,  T M S )  δ  1 . 6   (m,  6 H )  ;  δ  2 . 2   ( s ,   3 H ) ;  

2 . 5 - 3 . 6   (m,  4 H )  ;  δ  3 . 6   (s ,   3 H )  ;  δ  4 . 0   ( 2 x d ,   J  =  1 7 h z ,  

2 H ) .  

Mass  s p e c t r u m :   M+  273;   m/e  230  ( M + - C H 3 C O ) ;  

1 9 8  

F.  l - C a r b o x y m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n -  

2 - o n e  

H y d r o l y z e   u n d e r   an  a t m o s p h e r e   of  n i t r o g e n  

200  mg  of  t h i s   d i e s t e r   in  6  ml  H20  and  5  ml  CH3OH 
made  to  pH  12  w i t h   NaOH.  A c i d i f y   t he   h y d r o l y s a t e   t o  

pH  2  and  e x t r a c t   w i t h   e t h y l   a c e t a t e .   Dry  a n d  

c o n c e n t r a t e   t h e   e x t r a c t s   to  o b t a i n   l - c a r b o x y m e t h y l - 3 -  

m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e .  

NMR:  (CC14,   T M S ) δ  1 . 7   (m,  8H)  :δ   2 . 2 - 3 . 8   (m,  4 H )  ;  δ  

4 .2  ( b r o a d ,   2xd ,   2H).   Mass  s p e c t r u m :   M+  217;   m / e  

184  ( M + - S H ) .  

G.  l - C a r b o x y m e t h y l - 3 - a c e t y l m e r c a p t o m e t h y l p e r h y d r o -  

a z e p i n - 2 - o n e  

I f   d e s i r e d ,   t he   m e r c a p t o - a c i d   can  b e  

r e a c e t y l a t e d   in  p y r i d i n e   s o l u t i o n   w i t h   s l i g h t   e x c e s s  

of  a c e t y l   c h l o r i d e   to  o b t a i n   t he   t i t l e   c o m p o u n d .  



EXAMPLE  2 

A.  1 - t - B u t o x y c a r b o n y l m e t h y l - 3 , 3 - d i b r o m o p e r h y d r o -  

a z e p i n - 2 - o n e  

To  a  s u s p e n s i o n   of  300  mg  of  s o d i u m   h y d r i d e  

in  25  ml  THF  add  a  s o l u t i o n   of  2 . 7 1   g  of  3 , 3 - d i b r o m o -  

p e r h y d r o a z e p i n - 2 - o n e   [R.  Wineman  e t   a l . ,   J .  A m .   C h e m .  

S o c . ,   80,  6233  ( 1 9 5 8 ) ]   and  2 .50   g  o f  t - b u t y l   i o d o -  

a c e t a t e   in  25  ml  THF,  c a r r y i n g   ou t   t h e   o p e r a t i o n  

u n d e r   N2.  S t i r   t h e   r e a c t i o n   a t   room  t e m p e r a t u r e  

fo r   s e v e r a l   h o u r s ,   q u e n c h  w i t h   a q u e o u s   NaHSO3,  
i s o l a t e   t he   o r g a n i c   p h a s e ,   d ry   and  c o n c e n t r a t e   i n  

v a c u o   to  o b t a i n   l - t - b u t o x y c a r b o n y l m e t h y l - 3 , 3 - d i b r o m o -  

p e r h y d r o a z e p i n - 2 - o n e .  

B.  1 - t - B u t o x y c a r b o n y l m e t h y l - 3 - b r o m o p e r h y d r o a z e p i n -  

2 - o n e  

H y d r o g e n a t e   1 . 9 3   g  of  t h i s   h a l i d e   in  25  m l  

of  e t h a n o l   c o n t a i n i n g   200  mg  MgO  u s i n g   10%  p a l l a d i u m  

on  c h a r c o a l   as  c a t a l y s t .   F i l t e r   and  c o n c e n t r a t e   t h e  

r e a c t i o n   m i x t u r e   to  o b t a i n   1 - t - b u t o x y c a r b o n y l m e t h y l - 3 -  

b r o m o p e r h y d r o a z e p i n - 2 - o n e .  

C.  l - t - B u t o x y c a r b o n y l m e t h y l - 3 - m e t h y l i d e n e p e r -  

h y d r o a z e p i n - 2 - o n e  

R e f l u x   a  s o l u t i o n   3 . 0 5   g  of  t h i s   h a l i d e  w i t h  

2 .62   g  t r i p h e n y l   p h o s p h i n e   in  50  ml  THF.  I s o l a t e   t h e  

c r u d e   p h o s p h o n i u m   s a l t ,   s u s p e n d   i t   in  H20  and  a d d  

d r o p w i s e   10%  NaOH.  E x t r a c t   the   m i x t u r e   w i t h  

c h l o r o f o r m ,   c o n c e n t r a t e   the   e x t r a c t s   and  i s o l a t e   t h e  

d e s i r e d   y l i d .  

R e f l u x   a  s u s p e n s i o n   of  2 .4   g  o f   t h i s   y l i d  

and  0.3  g  p a r a f o r m a l d e h y d e   in  75  ml  THF  u n d e r   a  



n i t r o s  n   a t m o s p h e r e .   A f t e r   3  h o u r s ,   c o o l   t h e  

r e a c t i o n   and  r e d u c e   t he   v o l u m e   in  v a c u o .   Add  

p e t r o l e u m   e t h e r   and  p a s s   t h e   s o l u t i o n   t h r o u g h   a  s h o r t  

s i l i c a   g e l   c o l u m n .   Remove  t h e   s o l v e n t   and  i s o l a t e  

l - t - b u t o x y c a r b o n y l m e t h y l - 3 - m e t h y l i d e n e - p e r h y d r o a z e p i n -  

2 - o n e .  

D.  The  p r o d u c t   of  C  i s   c o n v e r t e d   to  the   d e s i r e d  

m e r c a p t o   a c i d   as  d e s c r i b e d   in  Example   lE  and  1F  a n d  

to  t he   a c e t y l m e r c a p t o   a c i d ,   i f   d e s i r e d ,   as  d e s c r i b e d  

in  E x a m p l e   1G.  

EXAMPLE 3 

1 - C a r b o x y m e t h y l - 3 - m e r c a p t o m e t h y l - 7 - m e t h y l p e r h y d r o -  

a z e p i n - 2 - o n e  

The  p r o c e d u r e   of  E x a m p l e   1A  is  f o l l o w e d ,  

u s i n g   an  e q u i v a l e n t   q u a n t i t y   of  3 - c a r b o x y - 7 - m e t h y l -  

p e r h y d r a z e p i n e   [ p r e p a r e d   f rom  3 - h y d r o x y - 6 - m e t h y l -  

p y r i d i n e   by  the   p r o c e d u r e s   of  K r o g s g a a r d - L a r s e n ,   e t  

a l . ,   A c t a .   Chem.  S c a n d .   B32,  327  (1978)  and  I b i d ,  

B30,  884  ( 1 9 7 6 ) ]   as  t he   s t a r t i n g   m a t e r i a l .   T h e  

p r o c e d u r e s   of  p a r t s   B,  C,  D,  E  and  F  a re   t h e n  

s u c c e s s i v e l y   f o l l o w e d   to  p r o d u c e   l - c a r b o x y m e t h y l - 3 -  

m e r c a p t o m e t h y l - 7 - m e t h y l p e r h y d r o a z e p i n - 2 - o n e .   I f  

d e s i r e d ,   t he   p r o c e d u r e   of  E x a m p l e   1G  can  be  f o l l o w e d  

to  o b t a i n   l - c a r b o x y m e t h y l - 3 - a c e t y l m e r c a p t o m e t h y l - 7 -  

m e t h y l p e r h y d r o a z e p i n - 2 - o n e .  



EXAMPLE  4 

1 - ( 1 - C a r b o x y e t h y l ) - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n -  

2 - o n e  

When,   in  t he   p r o c e d u r e   of  E x a m p l e   1B,  a n  

e q u i v a l e n t   q u a n t i t y   of   m e t h y l   a - b r o m o p r o p r i o n a t e   i s  

u s e d   in  p l a c e   of  m e t h y l   b r o m o a c e t a t e ,   t h e r e   i s  

o b t a i n e d   1 - ( 1 - m e t h o x y c a r b o n y l e t h y l ) - 3 - b e n z y l o x y -  

c a r b o n y l p e r h y d r o a z e p i n .   When  t h i s   i s   u sed   in  t h e  

s u c c e s i v e   p r o c e d u r e s   of  p a r t s   C,  D,  E  and  F,  t h e r e   i s  

o b t a i n e d   1 - ( 1 - c a r b o x y e t h y l ) - 3 - m e r c a p t o m e t h y l p e r h y d r o -  

a z e p i n - 2 - o n e .  

EXAMPLE  5 

R 1 - S u b s t i t u t e d   P r o d u c t s   as  F o r m u l a   I  

By  t r e a t m e n t   w i t h   PBr5  in  b e n z e n e   by  t h e  

m e t h o d   of  N a g a s a w a ,   e t   a l .   ( J .   Med.  Chem.  14,  5 0 1  

( 1 9 7 1 ) )   t he   7 - s u b s t i t u t e d   p e r h y d r o a z e p i n - 2 - o n e s   IX  

l i s t e d   in  T a b l e   I  c o u l d   be  c o n v e r t e d   to  t h e  

c o r r e s p o n d i n g   7 - s u b s t i t u t e d - 3 - b r o m o - p e r h y d r o -  

a z e p i n - 2 - o n e s .   T r e a t m e n t   w i t h   t - b u t y l   i o d o a c e t a t e   i n  

t e t r a h y d r o f u r a n   in  t h e   p r e s e n c e   of  s o d i u m   h y d r i d e   i n  

t h e   m a n n e r   of  E x a m p l e   2A  c o u l d   a f f o r d   t h e  

c o r r e s p o n d i n g   7 - s u b s t i t u t e d - 3 - b r o m o - l -  

t - b u t o x y c a r b o n y l m e t h y l p e r h y d r o a z e p i n - 2 - o n e .  

T r e a t m e n t   t h e n   w i t h   t r i p h e n y l p h o s p h i n e  

f o l l o w e d   by  p a r a f o r m a l d e h y d e   as  d e s c r i b e d   in  E x a m p l e  

2-C  c o u l d   a f f o r d   the   c o r r e s p o n d i n g   7 - s u b s t i t u t e d - l - t -  

b u t o x y c a r b o n y l m e t h y l - 3 - m e t h y l i d e n e - p e r h y d r o a z e p i n - 2 -  

one .   S u b s e q u e n t   t r e a t m e n t   w i t h   t h i o l a c e t i c   a c i d   a n d  

h y d r o l y s i s   as  d e s c r i b e d   in  E x a m p l e s   1-E  and  1-F  w o u l d  

y i e l d   t h e   c o r r e s p o n d i n g   7 - s u b s t i t u t e d - l - c a r b o x y m e t h y l -  

3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e .  



The  use   of  m e t h y l   a - b r o m o p r o p i o n a t e   a s  

d e s c r i b e d   in  E x a m p l e   4,  f o l l o w e d   by  the   s t e p s   o f  

E x a m p l e   2C,  lE ,   and  1F  wou ld   p r o d u c e   the   7 - s u b s t i -  

t u t e d - l - c a r b o x y e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n -  

2 - o n e .   T h e s e   7 - s u b s t i t u t e d - l - c a r b o x y a l k y l - 3 - m e r c a p t o -  

m e t h y l p e r h y d r o a z e p i n - 2 - o n e s   c o u l d ,   i f   d e s i r e d ,   b e  

c o n v e r t e d   to  t h e   c o r r e s p o n d i n g   5 - a c y l   d e r i v a t i v e   b y  

t r e a t m e n t   w i t h   an  a c y l a t i n g   a g e n t ,   such   as  a c e t i c  

a n h y d r i d e   or  a c e t y l   c h l o r i d e ,   w i t h   p y r i d i n e   o r  

t r i e t h y l a m i n e .  

[Al l   of  t h e   a b o v e   c o m p o u n d s   a re   d e s c r i b e d   i n  

the   c h e m i c a l   l i t e r a t u r e ] .  

EXAMPLE  6 

R 1 - A m i n o a l k y l   S u b s t i t u t e d   P r o d u c t s   of  F o r m u l a   I  

T h e   known  p e r h y d r o a z e p i n - 2 - o n e s   s u b s t i t u t e d  

in  the   7 - p o s i t i o n   by  2 - a m i n o e t h y l   or  4 - a m i n o b u t y l  

g r o u p s   c o u l d   be  c o n v e r t e d   to  t he   c o r r e s p o n d i n g  



p h t h a l i m i d o   d e r i v a t i v e   a t   t h e i r   p r i m a r y  a m i d e  

f u n c t i o n a l i t y   by  known  m e t h o d s ,   and  t h e   r e s u l t i n g  

c o m p o u n d s   t r e a t e d   as  d e s c r i b e d   in  E x a m p l e   5  to  o b t a i n  

c o m p o u n d s   of  F o r m u l a   I  w h e r e   R1  is   t h e  

p h t h a l i m i d o a l k y l   g r o u p ,   R2  =  H,  R3  =  t - b u t o x y ,  

and  R4  =  CH3CO-.  C a r e f u l   h y d r a z i n o l y s i s   w o u l d  

r e m o v e   t h e   p h t h a l i m i d e   p r o t e c t i n g   g r o u p   and  f u r t h e r  

h y d r o l y s i s   by  s t a n d a r e d   m e t h o d s   w o u l d   a f f o r d   t h e  

d e s i r e d   m e r c a p t o   a c i d   I ,   w h e r e   R 1  =  

(CH2)nNH2,   w h e r e   n  =  2  or  4,  R2  =  H,  R3  = 

OH,  and  R  =   H.  By  e m p l o y i n g   m e t h y l  

a - b r o m o p r o p i o n a t e   in  p l a c e   of   i o d o a c e t a t e   t h e  

c o r r e s p o n d i n g   c o m p o u n d s   I  w o u l d   be  o b t a i n e d   in   w h i c h  

R2 =   C H 3 .  

EXAMPLE  7 

T a b l e t   C o n t a i n i n g   25  mg  of  A c t i v e   I n g r e d i e n t  

A  t y p i c a l   t a b l e t   c o n t a i n s   1 - c a r b o x y -  

m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e   (25  m g . ) ,  

p r e g e l a t i n i z e d   s t a r c h  U S P   (82  m g . ) ,   m i c r o c r y s t a l l i n e  

c e l l u l o s e   (82  mg.)  and  m a g n e s i u m   s t e a r a t e   (1  m g . ) .  

In  l i k e   m a n n e r ,   f o r   e x a m p l e ,   1 - ( 1 - c a r b o x y e t h y l ) - 3 -  

m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e   (20  mg.)   may  b e  

f o r m u l a t e d   in  p l a c e   of  l - c a r b o x y m e t h y l - 3 - m e r c a p t o -  

m e t h y l p e r h y d r o a z e p i n - 2 - o n e   w i t h   t he   c o m p o s i t i o n   o f  

p r e g e l a t i n i z e d   s t a r c h ,   m i c r o c r y s t a l l i n e   c e l l u l o s e   a n d  

m a g n e s i u m   s t e a r a t e   d e s c r i b e d   a b o v e .  

A  c o m b i n a t i o n   t a b l e t   w i t h   a  d i u r e t i c   s u c h   a s  

h y d r o c h l o r o t h i a z i d e   t y p i c a l l y   c o n t a i n s   1 - c a r b o x y -  

m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e   ( 7 . 5  

m g . ) ,   h y d r o c h l o r o t h i a z i d e   (50  m g . ) ,   p r e g e l a t i n i z e d  



s t a r c h   USP  (82  m g . ) ,   m i c r o c r y s t a l l i n e   c e l l u l o s e   ( 8 2  

mg.)   and  m a g n e s i u m   s t e a r a t e   (1  m g . ) .   T a b l e t s   w i t h ,  

f o r   e x a m p l e ,   1 - ( 1 - c a r b o x y e t h y l ) - 3 - m e r c a p t o m e t h y l p e r -  

h y d r o a z e p i n - 2 - o n e   (5  mg.)   and  h y d r o c h l o r o t h i a z i d e   ( 5 0  

mg.)  a r e   made  by  s u b s t i t u t i n g   the   f o r m e r   in  p l a c e   o f  

l - c a r b o x y m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e  

in  t he   c o m p o s i t i o n   d e s c r i b e d   a b o v e .  

EXAMPLE  8 

C o m p r e s s e d   T a b l e t   C o n t a i n i n g   50  mg.  of  A c t i v e  

I n g r e d i e n t  

D i r e c t i o n s :   Mix  the   a c t i v e   i n g r e d i e n t   a b o v e  

and  c a l c i u m   p h o s p h a t e   and  r e d u c e   to  a  No.  60  m e s h  

p o w d e r .   G r a n u l a t e   w i t h   E t h o c e l   in  a l c o h o l   and  p a s s  



t h e   wet   g r a n u l a t i o n   t h r o u g h   a  No.  10  s c r e e n .   Dry  t h e  

g r a n u l a t i o n   a t   110°F   f o r   1 2 - 1 8   h o u r s .   Dry  g r i n d   to   a  

No.  20  m e s h .   I n c o r p o r a t e   t h e   " a d d s "   and  c o m p r e s s  
i n t o   t a b l e t s   e a c h   w e i g h i n g   270  m g .  

EXAMPLE  9 

Dry  F i l l e d   C a p s u l e   C o n t a i n i n g  5 0   mg.  o f   A c t i v e  

I n g r e d i e n t  

Mix  t he   a c t i v e   i n g r e d i e n t   a b o v e ,  

l a c t o s e ,   and  m a g n e s i u m   s t e a r a t e   and  r e d u c e   to   a  N o .  

60  mesh  p o w d e r .   E n c a p s u l a t e ,   f i l l i n g   325  mg.  in   e a c h  

N o .  2   c a p s u l e .  

The  above   f o r m u l a t i o n s   can  be  e m p l o y e d   t o  

p r e p a r e   c o m p r e s s e d   t a b l e t s   or  c a p s u l e s   of   o t h e r   n o v e l  

c o m p o u n d s   of  t h i s   i n v e n t i o n   h e r e i n b e f o r e   d e s c r i b e d .  

The  above   e x a m p l e s   d e s c r i b e   t h e   p r e p a r a t i o n  

of  c e r t a i n   c o m p o u n d s   w h i c h   a r e   i l l u s t r a t i v e   of  t h e  

n o v e l   c o m p o u n d s   of  t h i s   i n v e n t i o n ,   and  c e r t a i n  

s p e c i f i c  d o s a g e   f o r m s   s u i t a b l e   fo r   a d m i n i s t e r i n g   t h e  

n o v e l   c o m p o u n d s .   I t   i s   to  be  u n d e r s t o o d   t h a t   t h e  

i n v e n t i o n   i s   no t   to  be  l i m i t e d   to  t he   s p e c i f i c  



i n g r e c e n t s   i n c l u d e d   in  t he   p h a r m a c e u t i c a l  

p r e p a r a t i o n s ,   b u t   is   to  be  u n d e r s t o o d   to  e m b r a c e  

v a r i a t i o n s   and  m o d i f i c a t i o n s   t h e r e o f   which   f a l l  

w i t h i n   t he   s c o p e   of  one  s k i l l e d   in  t he   a r t .  



1.  A  c o m p o u n d   of  t h e   f o r m u l a  

w h e r e i n  
R1  i s   h y d r o g e n ,   l o w e r a l k y l ,   c y c l i c   l o w e r a l k y l ,  

amino  l o w e r a l k y l ,   a l k y l a m i n o   l o w e r a l k y l ,  

h y d r o x y a l k y l ,   a c y l a m i n o   l o w e r a l k y l ,   d i a l k y l a m i n o  

l o w e r a l k y l   i n c l u d i n g   c y c l i c   p o l y e t h y l e n e a m i n o  

l o w e r a l k y l ,   a r l o w e r a l k y l ,   a r y l ,   s u b s t i t u t e d   a r y l  

w h e r e i n   t h e   s u b s t i t u e n t  i s   h a l o ,   a l k y l ,  

a m i n o a l k y l ,  o r   a l k o x y ;   h e t e r o a r y l ,  

h e t e r o a r l o w e r a l k y l ;  
R2  is   h y d r o g e n   or  l o w e r a l k y l ;  
R3  is   h y d r o x y l ,   l o w e r a l k o x y ,   or  a r a l k y l o x y ;  
R4  is   h y d r o g e n   or  l o w e r a l k a n o y l ;   a n d ,  

the   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f .  

2.  A  compound   of  C l a i m   1  w h i c h   i s  

1 - c a r b o x y m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e .  

3.  The  compound   of  C l a i m  1   w h i c h   i s  

l - c a r b o x y m e t h y l - 3 - a c e t y l m e r c a p t o m e t h y l p e r h y d r o a z e p i n -  

2 - o n e .  



4 . .   A  p h a r m a c e u t i c a l   c o m p o s i t i o n   u s e f u l   i n  

t h e   t r e a t m e n t   of   h y p e r t e n s i o n   w h i c h   c o m p r i s e s   a  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r   and  a n  

a n t i h y p e r t e n s i v e l y   e f f e c t i v e   a m o u n t   of  a  compound   o f  

t h e   f o r m u l a :  

w h e r e i n  
R1  i s   h y d r o g e n ,   l o w e r a l k y l ,   c y c l i c   l o w e r a l k y l ,  

amino   l o w e r a l k y l ,   a l k y l a m i n o   l o w e r   a l k y l ,  

h y d r o x y a l k y l ,   a c y l a m i n o   l o w e r a l k y l ,   d i a l k y l a m i n o  

l o w e r a l k y l   i n c l u d i n g   c y c l i c   p o l y e t h y l e n e a m i n o  

l o w e r a l k y l ,   a r l o w e r a l k y l ,   a r y l ,   s u b s t i t u t e d   a r y l  

w h e r e i n   t h e   s u b s t i t u e n t   i s   h a l o ,   a l k y l ,  

a m i n o a l k y l ,   or  a l k o x y ;   h e t e r o a r y l ,  

h e t e r o a r l o w e r a l k y l ;  
R2  i s   h y d r o g e n   or  l o w e r a l k y l ;  
R3  is   h y d r o x y l ,   l o w e r a l k o x y ,   or  a r a l k y l o x y ;  
R4  i s   h y d r o g e n   or  l o w e r a l k a n o y l ;   a n d ,  

t h e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f .  

5.  The  c o m p o s i t i o n   of  C l a i m   4  w h e r e i n   s a i d  

compound   is   a  member   of  t he   g r o u p :  



l - c a r b o x y m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n - 2 - o n e ;  

a n d ,  

1 - c a r b o x y m e t h y l - 3 - a c e t y l m e r c a p t o m e t h y l -  

p e r h y d r o a z e p i n - 2 - o n e .  

6.  The  c o m p o s i t i o n   of  C la im   4  w h i c h  

i n c l u d e s   an  a n t i h y p e r t e n s i v e   a n d / o r   d i u r e t i c   c o m p o u n d  

s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  a m i l o r i d e ,  

a t e n o l o l ,   b e n d r o f l u m e t h i a z i d e ,   c h l o r o t h a l i d o n e ,  

c h l o r o t h i a z i d e ,   c l o n i d i n e ,   c r y p t e n a m i n e   a c e t a t e s   a n d  

c r y p t e n a m i n e   t a n n a t e s ,   d e s e r p i d i n e ,   d i a z o x i d e ,  

g u a n e t h i d e n e   s u l f a t e ,   h y d r a l a z i n e   h y d r o c h l o r i d e ,  

h y d r o c h l o r o t h i a z i d e ,   h y d r o f l u m e t h i a z i d e ,   m e t o l a z o n e ,  

m e t o p r o l o l t a r t a t e ,   m e t h y c l o t h i a z i d e ,   m e t h y l d o p a ,  

m e t h y l d o p a t e   h y r o c h l o r i d e ,   m i n o x i d i l ,   ( S ) - 1 -  

{ [ 2 - ( 3 , 4 - d i m e t h o x y p h e n y l ) e t h y l ] a m i n o } - 3 - { [ 4 - ( 2 -  

t h i e n y l ) - 1 H - i m i d a z o l - 2 - y l ] p h e n o x y } - 2 - p r o p a n o l ,  

p o l y t h i a z i d e ,   t h e   p i v a l o y l o x y e t h y l   e s t e r   o f  

m e t h y l d o p a ,   i n d a c r i n o n e   and  v a r i a b l e   r a t i o s   of  i t s  

e n a n t i o m e r s ,   r i f e t i p i n e ,   v e r a p a m i l ,   d i l t i a z a m ,  

f l u m e t h i a z i d e ,   b e n d r o f l u m e t h i a z i d e ,   a t e n o l o l ,  

( + ) - 4 - { 3 - { [ 2 - ( 1 - h y d r o x y c y c l o h e x y l ) e t h y l ] - 4 - o x o - 2 -  

t h i a z o l i d i n y l } p r o p y l } b e n z o i c   a c i d ,   b u m e t a n i d e ,  

p r a z o s i n ,   p r o p r a n o l o l ,   r a u w o l f i a   s e r p e n t i n a ,  

r e s c i n n a m i n e ,   r e s e r p i n e ,   s p i r o n o l a c t o n e ,   t i m o l o l ,  

t r i c h l o r m e t h i a z i d e ,   b e n z t h i a z i d e ,   q u i n e t h a z o n e ,  

t r i a m t e r e n e ,   a c e t a z o l a m i d e ,   a m i n o p h y l l i n e ,  

c y c l o t h i a z i d e ,   m e r e t h o x y l l i n e   p r o c a i n e ,   as  w e l l   a s  

a d m i x t u r e s   and  c o m b i n a t i o n s   t h e r e o f .  



7,  A  p r o c e s s   f o r   p r e p a r i n g   c o m p o u n d s   o f  

t h e   f o r m u l a :  

w h e r e i n :  
R1  i s   h y d r o g e n ,   l o w e r a l k y l ,   c y c l i c  l o w e r a l k y l ,  

a m i n o   l o w e r a l k y l ,   a l k y l a m i n o   l o w e r a l k y l ,  

h y d r o x y a l k y l ,   a c y l a m i n o   l o w e r a l k y l ,   d i a l k y l a m i n o  

l o w e r a l k y l   i n c l u d i n g   c y c l i c   p o l y e t h y l e n e a m i n o  

l o w e r a l k y l ,   a r l o w e r a l k y l ,   a r y l ,   s u b s t i t u t e d   a r y l  

w h e r e i n   t h e   s u b s t i t u e n t   i s   h a l o ,   a l k y l ,   a m i n o a l k y l ,  

or   a l k o x y ;   h e t e r o a r y l ,   h e t e r o a r l o w e r a l k y l ;  
R2  i s   h y d r o g e n   or  l o w e r a l k y l ;  
R   i s   h y d r o x y l ,   l o w e r a l k o x y ,   or  a r a l k y l o x y ;  
R4  i s   h y d r o g e n   or  l o w e r a l k a n o y l ,  

a n d ,   t h e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f ,  

w h i c h   p r o c e s s   c o m p r i s e s   t r e a t i n g   a  c o m p o u n d   h a v i n g  

t h e   s t r u c t u r e :  



w h e r e i   R 1 ,  R 2  a n d   R3  a r e   as  d e f i n e d   a b o v e   a n d  
R4  is   l o w e r a l k a n o y l ,   f o l l o w e d   by  r e m o v a l   o f  

p r o t e c t i n g   g r o u p s ,   i f   n e c e s s a r y ,   to   y i e l d   t he   d e s i r e d  

p r o d u c t   a n d ,   i f   d e s i r e d ,   i s o l a t i n g   t h e   b i o l o g i c a l l y  

more  a c t i v e   i s o m e r   by  c h r o m a t o g r a p h y ,   f r a c t i o n a l  

c r y s t a l l i z a t i o n ,   or  by  r e s o l u t i o n   w i t h   a n  

a p p r o p a i a t e ,   o p t i c a l l y   a c t i v e   b a s e   a n d ,   i f   d e s i r e d ,  

p r e p a r i n g   a  s a l t   of   t h e   d e s i r e d   p r o d u c t   b y  

c o n v e n t i o n a l   m e a n s .  

8.   The  c o m p o u n d :  

w h e r e i n   R1,  R2  and  R3  a r e   as  d e f i n e d   in  C l a i m   1 .  

9 .   The  c o m p o u n d :  

and  t h e   c o r r e s p o n d i n g   c a r b o x y l i c   a c i d   t h e r e o f ,  



CLAIMS  FOR  A U S T R I A  

1.  A  p r o c e s s   f o r   p r e p a r i n g   c o m p o u n d s   of  t h e  

f o r m u l a  

w h e r e i n  
R   i s   h y d r o g e n ,   l o w e r a l k y l ,   c y c l i c  l o w e r a l k y l ,  

a m i n o   l o w e r a l k y l ,   a l k y l a m i n o   l o w e r a l k y l ,  

h y d r o x y a l k y l ,   a c y l a m i n o   l o w e r a l k y l ,   d i a l k y l a m i n o  

l o w e r a l k y l   i n c l u d i n g   c y c l i c   p o l y e t h y l e n e a m i n o  

l o w e r a l k y l ,   a r l o w e r a l k y l ,   a r y l ,   s u b s t i t u t e d   a r y l  

w h e r e i n   t h e   s u b s t i t u e n t   i s   h a l o ,   a l k y l ,  

a m i n o a l k y l ,   or  a l k o x y ;   h e t e r o a r y l ,  

h e t e r o a r l o w e r a l k y l ;  
R2  i s   h y d r o g e n   or  l o w e r a l k y l ;  
R3  i s   h y d r o x y l ,   l o w e r a l k o x y ,   or  a r a l k y l o x y ;  
R4  i s   h y d r o g e n   or  l o w e r a l k a n o y l ,  

.and  t h e   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t s   t h e r e o f ,  

w h i c h   p r o c e s s   c o m p r i s e s  

a)  t r e a t i n g   a  c o m p o u n d   h a v i n g   t h e   s t r u c t u r e :  



w h e r e i n   R1,   R2  and  R3  a r e   as  d e f i n e d   a b o v e   and  R 4  

i s   l o w e r a l k a n o y l ,   f o l l o w e d   by   r e m o v a l   of  p r o t e c t i n g  

g r o u p s ,   i f   n e c e s s a r y ,   t o   y i e l d   t h e   d e s i r e d   p r o d u c t  

b)  r e a c t i n g   a  c a p r o l a c t a m   d e r i v a t i v e   I X  

w i t h   PX5,   (X  =  Cl  or   Br )   t o   o b t a i n   c o m p o u n d   X 

r e a c t i o n   of   X  w i t h   h a l o e s t e r   IV  R2-CH-COR3  (X  =  B r ,  

I )   i n   t h e   p r e s e n c e   of  a  s t r o n g   b a s e   and  i n   a  s u i t a b l e  

s o l v e n t   t o   a f f o r d   c o m p o u n d   X I  

r e m o v a l   of   one   h a l o g e n   by   u s i n g   h y d r o g e n   and  a  s u i t a b l e  

c a t a l y s t ,   r e a c t i n g   t h e   r e s u l t i n g   m o n o h a l i d e   X I I  



w i t h   a  s u i t a b l e   t r i v a l e n t   p h o s p h o r u s   c o m p o u n d ,   s u c h   a s  

t r i p h e n y l p h o s p h i n e   and  t h e n   w i t h   a  b a s e ,   and  r e a c t i n g  

t h e   r e s u l t i n g   c o m p o u n d   X I I I  

w i t h   an  a l d e h y d e ,   s u c h  a s   f o r m a l d e h y d e ,   t o   p r o d u c e  

c o m p o u n d   V I I ,   w h i c h   c a n   be  c o n v e r t e d   t o   I  as  d e s c r i b e d  

i n   m e t h o d   a )  ,  

c)  c o n v e r t i n g   t h e   a b o v e   c o m p o u n d   IX  i n  a   k n o w n   m a n n e r  

d i r e c t l y   t o   t h e   a b o v e   m o n o h a l i d e   XIV  w h i c h   i s   a l k y l a t e d  

w i t h   IV  as  d e s c r i b e d   u n d e r   m e t h o d   a ) t o   g i v e   X I I   w h i c h  

can   be  c o n v e r t e d   t o   I  as  d e s c r i b e d   i n   m e t h o d   a), 

o r  

d)  h y d r o l y z i n g   t h e   a b o v e   c o m p o u n d   XI  t o   a  k e t o l a c t a m  

X I V  

w h i c h   i s   r e a c t e d   w i t h   an  a p p r o p r i a t e   W i t t i g   r e a g e n t  

CH2  =  P ( C 6 H 5 ) 3   t o   o b t a i n   t h e   a b o v e   c o m p o u n d   V I I ,   w h i c h  

i s   t h e n   c o n v e r t e d   t o   I  as  d e s c r i b e d   i n   m e t h o d   a), 



a n d ,   i f   d e s i r e d ,   i s o l a t i n g   t h e   b i o l o g i c a l l y   m o r e  

a c t i v e   i s o m e r   by  c h r o m a t o g r a p h y ,   f r a c t i o n a l  

c r y s t a l l i z a t i o n ,   or   by  r e s o l u t i o n   w i t h   a n  

a p p r o p r i a t e ,   o p t i c a l l y   a c t i v e   b a s e   a n d ,   i f  

d e s i r e d ,   p r e p a r i n g   a  s a l t   o f  t h e   d e s i r e d   p r o d u c t  

by   c o n v e n t i o n a l   m e a n s .  

2.  A  p r o c e s s   a c c o r d i n g   t o   C l a i m   1  f o r  

p r e p a r i n g   a  c o m p o u n d   of   t h e   g r o u p :  

1 - c a r b o x y m e t h y l - 3 - m e r c a p t o m e t h y l p e r h y d r o a z e p i n -  

2 - o n e ;   a n d  

1 - c a r b o x y m e t h y l - 3 - a c e t y l m e r c a p t o m e t h y l p e r h y d r o -  

a z e p i n - 2 - o n e .  
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